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Abstract 
Typically, tasks of modeling complex systems are performed using a certain step size, and step size 
reduction can lead to an increase in working time. Additionally, with a low frame rate, the modeling 
process appears jerky. This situation can cause a problems with interpolation of frame. In this paper, 
an algorithm is presented for approximate assumption of the water front between flood modeling steps. 
An approach is described that produces smoother water front visualization instead of reducing the 
modeling step size. 
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1 Introduction 
In many cases of complex systems modeling, the modeling is performed incrementally with a 
certain step size. At each step, the model provides data that we can present to users. However, in some 
cases, visualization of model data is difficult to perceive because it is not smooth. A few seconds of 
delay can occur between frames. In such cases, we can try to restore intermediate frames to provide a 
smoother picture for users.  
The frames interpolation problem occurs in many cases; examples include real-time video 
featuring a low bandwidth, creation of cartoons such as anime, etc. In our case, the problem of middle 
frame interpolation has arisen from the modeling of flood water spreading (Karbovskii 2014) 
(Krzhizhanovskaya 2013). Models have a certain step size, and each of the steps has data that contain 
current flood front position and depth in each point of the modeling area. To obtain a smoother 
process of modeling the water spreading, we should set up a shorter step, which will increase the 
required modeling time. Thereby, we have the problem of determining the middle fronts in a shorter 
period of time. 
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2 Related works 
A significant amount of research has been dedicated to the frame interpolation problem, including 
work by (He 2011), (Huang 2009), (Krishnamurthy 1999). The SmoothVideo project (svp-team 2013) 
develops software that allows video to be watched on a PC using frame interpolation. The software 
builds middle frames between existing frames to produce a smoother video. This technology is 
commonly known by names such as "Motionflow", "Motion Plus," and "TrimensionDNM"; it is now 
conveniently available for personal computer users. 
In his paper(Zhai 2005) proposed a three-step motion compensated frame interpolation. First, "it 
examines the accuracy of the motion vectors embedded in the bit-stream." Second, "it carries out 
overlapped block bi-directional motion estimation on those blocks whose embedded motion vector is 
regarded as not accurate enough." Finally, "it utilizes motion vector post-processing and overlapped 
block motion compensation to generate interpolated frames and further reduce blocking artifacts." 
Ascenso and others proposed motion compensated frame interpolation tools (Ascenso 2005). The 
proposed framework consists of four tools: "forward motion estimation, bidirectional motion 
estimation, spatial smoothing, and bidirectional motion compensation." The proposed framework 
improves the PDWZ (pixel domain Wyner-Ziv) video decoder coding efficiency compared to other 
solutions without increasing the encoder complexity. 
Motion smoothing is applied in many of today’s televisions, and it causes what is known as the 
soap opera effect (Morrison 2013). However, this method does not work well in the case of sharp 
contours. Our task requires the establishment of a clear border without blurry artifacts that can appear 
in the aforementioned works. Thus, we propose another approach that is described below. 
3 Matching point approach of middle curve recovering 
The front of flooding on each step can be presented as 
a curve. To find the middle curve between the steps of 
modeling, we applied the following approach. Let us have 
curves A and C that present a flood front in steps n and 
n+1, respectively. To find middle curve B, we must build 
sections from points of curve A to matching points of 
curve C. Curve B will pass through the middle points of 
each section (see Figure 1). 
The easiest way to find matching points 
is to take the nearest points. For 
implementation of the current method, we 
used kd-tree (Moore 1991) for storage 
curve points. The kd-tree allows us to find 
the nearest points quickly. However, this 
method did not work, as shown in Figure 2. 
The purple line indicates the middle curve. 
Another way to find matching points is 
pick out points from curve C, that divide 
the curve into the same ratio as the current 
point on curve A. If there is no such point Figure 2: Nearest points to connect. 
Figure 1: Examples of curves: A   ̶ green
curve, B  ̶  brown curve, C  ̶  blue curve. 
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Figure 3: Examples of applying the algorithm. 
on curve C, we add the point. Finally, we build sections to connect matching points, and curve B will 
pass through the middle points of each section, as in the first case. To improve the accuracy, we can 
also build sections from curve C to matching points on curve A. The results of the described algorithm 
are presented in Figure 3. 
In each step of modeling, 
we obtain a matrix with 
water depth in each step of 
the modeling area that we 
will name as frame. The 
flood border will consist of 
points on the boundary with 
zero depth level. In each 
frame, we can have a few 
curves that represent the 
flood border. To distinguish 
each curve, we applied the 
Hoshen-Kopelman (Fricke 
2004) cluster labeling 
algorithm. First, we leave 
only the border points and label them.  
The main concept of the Hoshen-Kopelman algorithm is that we make a search in the grid looking 
for filled cells. Each filled cell we mark by a label corresponding to the cluster to which the cell 
belongs. If the cell does not have filled neighbor cells, then we mark it with a new, previously unused 
label. If the cell has one filled neighbor, then we 
mark the current cell with the same label as the 
filled neighbor. If the cell has a few filled 
neighboring cells, then we choose the cluster label 
with the lowest number. If neighboring cells have 
differing labels, we have to change labels to one, to 
create one cluster from several. Examples of the 
algorithm application are presented in Figure 4 and 
Figure 5. 
Unfortunately, the explained approach was not 
applied because of the complexity of the 
comparison with neighboring frame curves. Some 
Figure 4: Flood border points. 
Figure 5: Separate flood borders. 
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of the curves can disappear in the next step of modeling. 
4 Potential field approach 
The current approach can build the middle frame (not only the curve) 
by calculating the potential field for each point in the modeling area. The 
algorithm described here was inspired by (Blinn 1982). In the current case, 
we use a number of points with water in a certain radius around the point. 
Figure 6 is an example of a point with a radius equal to two. An example of 
a calculated field is presented in Figure 7. A profile view of a potential 
field is presented in Figure 8. 
To find a middle frame, we need to add the frames as matrices and 
divide. The middle frame will consist of points that exceed a certain 
threshold. Examples of built middle areas are presented in Figure 10. By 
changing the threshold, we can obtain a few middle frames. There we 
faced one problem. The edge of the potential field, as we can see in Figure 8, decreases irregularly, 
and as a result we obtain irregularly dynamic water spreading. This problem can be solved by 
increasing the radius around points for 
potential field calculation.  
Let us also explain a slightly different 
approach. To create smoother edges of the 
potential field, we applied (1) to calculate the 
potential field. 
௜ܲ௝ ൌ ܭσ ଵሺௗ௜௦௧൫௫೔ೕǡ௫೗೘൯ାఌሻమ௟௠  (1) 
Where ݀݅ݏݐሺݔ௜௝ǡ ݔ௟௠ሻ  is the distance 
between points, ܭ  is a coefficient, ɂ  is the 
coefficient for preventing division to zero. 
Examples of potential fields found by the 
described method are presented in Figure 9 A. 
A profile view of the potential field is 
presented in Figure 9 B’. An example of water 
spreading in middle frames is presented in 
Figure 10. 
Figure 6: Example 
of calculating number of 
points with water. 
Figure 7: Example of modeled area and field on it. 
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Figure 9: Example of area (A) and its potential field (A’), And potential field (B) and its profile view chart 
(B’). 
The current method allows us to obtain a smooth edge, but it is more resource-intensive, which is 
why we are using the method with a certain radius, as explained above. 
Figure 8: Profile view chart of potential field. 
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Figure 10. Example of water spreading; five steps between two modeled frames. 
5 Conclusions 
The approach proposed in this paper allows us to interpolate frames to obtain a smoother process. 
We applied the described method in the task of modeling flood water spreading and obtained middle 
frames with sharp counters. This issue is problematic as described in related works algorithms. These 
algorithms may result in jerking or blurry artifacts. The algorithm described here work better with 
sharp edges and it also enables us to obtain the depth of water. Thus, our method can provide better 
results than other algorithms for certain tasks. The current approach can be applied not only two-
dimensional case, but for 3D too; for example, to gradually transform one shape to another. This paper 
also describes other attempts to obtain middle frames. However, we faced some problems using these 
approaches, particularly in cases with complicated borders. 
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